Asian Carp in the United States
Bighead (Hypophthalmichthys nobilis) and silver carp (H. molitrix), collectively known as Asian carp, were introduced into the United States in the 1970s to enhance water-quality conditions in fish hatcheries. By the early 1980s, Asian carp were found in the Arkansas River and other drainages nearby (Freeze and Henderson, 1982) . Populations of Asian carp have rapidly expanded throughout the Mississippi River Basin, establishing reproductive populations in the Mississippi (Williamson and Garvey, 2005) , lower Missouri (Shrank and others, 2001) , and Illinois Rivers (DeGrandchamp and others, 2008; Irons and others, 2007) . There is substantial concern about the potential invasion of Asian carp into the Great Lakes from the Mississippi River Basin. Though there have been no live captures in the lakes, the DNA of carp has been detected indicating that this invader may be on the threshold of the Great Lakes ecosystem.
Asian carp are opportunistic planktivores that feed on zooplankton and phytoplankton. They can grow very large (up to 1.5 meters in length) and reproduce at a high rate (up to 1 million eggs; Kolar and others, 2005) . If established in the Great Lakes, Asian carp are likely to have negative ecological, economic and social effects. For example, Asian carp may deplete plankton resources and adversely affect native planktivorous fishes, including paddlefish (Polyodon spathula), bigmouth 1 U. S. Geological Survey.
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October 2013 buffalo (Ictiobus cyprinellus) and gizzard shad (Dorosoma cepedianum) (Kolar and others, 2005) thereby directly affecting sport and commercial fisheries industries in the Great Lakes.
Great Lakes Electrical Barrier Defense
The Chicago Sanitary and Shipping Canal (CSSC), part of the Chicago Area Waterway System, is an artificial canal that moves water from Lake Michigan into the Illinois River, and is a biological connector between the Mississippi River Basin and the Great Lakes. Asian carp currently occupy the Illinois River and have been documented at the entry of the shipping canal. To prevent the spread of Asian carp into Lake Michigan, an electrical barrier system was installed across the Chicago shipping canal in 2002. In 2009, the Army Corps of Engineers funded the development of a more permanent electric barrier and in 2011 a third barrier was installed just upstream.
Electrical barrier systems have been shown to be effective at deterring Asian carp in a laboratory setting (Pegg and Chick, 2002) . However, bighead carp DNA recently was detected upstream of the electric barrier, which suggests Asian carp may have moved through the barrier (Jerde and others, 2010) during a period when the barrier was turned off for maintenance. There is no evidence that there are reproductive populations in Lake Michigan at this time, but this canal is a likely avenue of invasion (Cudmore and others, 2012) . Additional barrier technologies in the canal may bolster efforts to prevent the invasion of Asian carp into the Great Lakes.
Alternative Fish Deterrents-Seismic Water Guns
Seismic technologies were developed to create underwater sound, and are used in the marine oil exploration industry to assess the geological structure of the ocean floor. These water guns, as they are called within the seismic survey industry, generate high pressure sound energy waves and may function as a fish deterrent (Gross and others, 2013) . Researchers are examining Asian carp response to water gun firing to determine if the high pressure sound energy waves can be deployed as an effective barrier to repel Asian carp and as a supplement to the existing electric barrier.
Seismic water guns generate high pressure sound energy waves. These sound waves are produced by the water gun compressing water within a cylinder with a piston. As the ensuing cavity collapses, an implosion occurs, much like a thunderclap, and sound is generated; characterized by a large and rapid positive to negative (peak to peak) pressure pulse.
Fish detect sound through sensory receptors in their inner ear and lateral line and are sensitive to certain frequencies (Bullen and Carlson, 2003) . As a result, sound can be used to induce behavioral modification in fish (Popper and Carlson, 1998) . In a preliminary water gun deterrent experiment in 2010, USGS researchers implemented a seismic water gun (Bolt Technology, Norwalk, Connecticut, USA) to repel silver carp and cause these fish to change position (Gross, unpub. data 2010) . Another study demonstrated how acoustic deterrent technologies that produce sound in the range of 20-2,000 hertz can deter bighead carp (Pegg and Chick, 2002) . Seismic water guns can generate sound pulses within that frequency range (Hutchinson and Detrick, 1984; Tree and others, 1986), and researchers tested the lethal effects of this technology on Northern pike, an invasive fish in southern Alaska (Sepulveda and others, 2013) . Firing seismic water guns induced ruptured swimbladders and mortality in pike (Gross and others, 2013) .
In the fall of 2011, researchers from the USGS Northern Rocky Mountain Science Center, assisted by the Illinois Water Science Center, deployed a water gun in the CSSC as a barrier defense while the electric barriers were down for maintenance. This apparently successful defense prompted additional studies in the spring of 2012 to determine the mechanisms responsible for carp avoidance.
Study Approach
Field work was conducted at Material Services Gravel Pit, an artificial backwater channel connected to the Illinois River in May 2012. Researchers tested the response of Asian carp to water gun technology in an experimental fish enclosure, constructed of a purse seine net (180-m long x 10-m wide) that was similar in dimensions to the shipping canal. Two P-400 water guns (400-in 3 ; Bolt Technology, Norwalk, Conn., USA) were suspended adjacent to the center of the enclosure from two pontoon floats. Fish were placed in the enclosure 18 hours Silver carp before the experiments. Experiments were conducted on 2 days and consisted of one gun firing every 10 seconds, alternating between guns, for a 1-hour period, three times per day.
On the first day, 75 bighead carp [96.0 ± 6.5 centimeter (cm); mean ± standard deviation total length] and 76 silver carp (66.2 ± 5.3 cm) were placed into the fish enclosure. To test if carp moved away from the water guns, acoustic tags were inserted into all bighead carp to track their movement. On the second day, researchers 56 tagged bighead carp and 23 silver carp from the enclosure. Subsequently, another 56 tagged bighead carp (97.2 ± 8.1 cm), 31 untagged bighead carp (97.0 ± 5.8 cm), and 28 untagged silver carp were placed in the enclosure.
Five LOTEK acoustic hydrophone receivers (LOTEK Wireless, Inc., Newmarket, Ontario, Canada) were positioned around the enclosure to monitor tagged bighead carp movement before, during, and after firing. Two BioSonics 200-kilohertz (kHz) split beam digital transducers (DT-X system, Biosonics Inc., Seattle, Washington, USA) were deployed on each side of the enclosure near the guns. Transducers recorded hydroacoustic data associated with fish detections and movement in range of the transducer beam. Specifically, data were collected on the number of bighead and silver carp detections (presence/absence in transducer beam) and direction of movement before, during, and after firing.
Expected Outcomes of Water Gun Experiment
Results of this study will provide information on the utility of seismic water guns to repel Asian carp, and thus determine their applicability for use as a barrier defense technology in the Chicago Sanitary and Shipping Canal. Data will also be generated on the relative proximity of Asian carp to the guns before, during, and after firing, as well as demonstrate the use of acoustic telemetry and sonar for future use in monitoring Asian carp behavior near barrier structures or in studies of deterrents.
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